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5 CAKBOXYLIC ACID INDOLE INHIBITORS OF ClfEMOKlNES 



FIELD OF THE INVENTION 

H) This invention relates to a novel group of carboxylic acid indole compounds, 

processes for the preparation thereof, the use thereof in treating IL-8. GROa GROp, 
GROy and NAP-2 n>ediatcd diseases and pharmaceutical compositions for use in such 
therapy. 

] 5 BACKGROUND OF THE INVENTION 

Many different names have been applied to lnterIeukLin-8 (IL-8). such as 
neutrophil attractanL/activation protein- 1 (NAP-1), monocyte derived neutrophil 
chemotactic factor (MDNCF). neutrophil activating factor (NAF), and T-ccll 
lymphocyte chemotactic factor Interlcukin-8 is a chemoattractant for neutrophils, 

20 basophils, and a subset of T-cells. It is produced by a majority of nucleated cells 
including macrophages, fibroblasts, endothelial and epithelial cells exposed to INF. 
IL-la, IL-ip or LPS, and by neutrophils themselves when exposed to LPS or 
chemotactic factors such as FMLP. M. Baggiolini et al, J. Clin, Invest. 84^ 1045 
( 1 989); J. Schroder et al, J. Immunol. J 39^ 3474 ( 1 987 j and J. Immunol. 144 . 2223 

25 (1990) ; Stricter, etal, Science 243 . 1467 (1989) and J. Biol. Chem. 264. 10621 
(1989); Cassaiellact a), J. Immunol. 148 . 3216 (1992). 

Groa, GROp, GROy and NAP-2 also belong to the chemokine a family. 
Like IL-8 these chemokines have also been referred to by different names. For 
instance GROa, y have been referred to as MGSAa, p and 7 respectively 

30 (Melanoma Growth Stimulating Activity), see Richmond et al. J Cell Physiology 
129. 375 ( 1986) and Chang et al. J. Immunol 148,451 (1992) All of the 
chemokmes of the a-family which possess the HLR motif directly preceding ihc 
CXC motif bmd to the IL 8 B receptor. 

lL-8, Groa, GROp, GRQy, NAP 2 and LNA-78 stimulate a number of 

35 functions in vitro. They have all been shown to have chemoaitractanl propcmcs for 
neutrophils, while IL-8 and GROa have demonstrated T-lymphocyies. and 
basophiles chemotactic activity. In addition IL-8 can induce histamine release fr(nii 
basophils fr(mi both normal and atopic individuals GRO a and II 8 can m addition. 
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induce lysozomaJ enzyme release and respiratory burst from neutrophils. IL-8 has 
also been shown to increase the surface expression of Mac- 1 (CDllb/CD18) on 
neutrophils without' dc novo protein synthesis. This may contribute to increased 
adhesion of the neutrophjls to vascular endothelial cells. Many known disea<yes are 
5 characterized by massive neutrophil infiltration. As IL-8, Groa. GROP, GROy and 
NAP-2 promote the accumulation and activation of neutrophils, these chemokines 
have been implicated in a wide range of acute and chronic inflammatory disorders 
including psoriasis and rheumatoid arthritis, Baggiolini et al, FEES Lett. IQ? 97 
(1992); Miller el aj, Cnt. Rev. Immunol, |7 17 (1992); Oppenheim et al. Annu. 
10 Rgv. ImmmiQ], 617 (1991); Seitz et al.. J. Chn. Invest. 87 . 46^ M 99 ] V Miliar 
^1- Am. Rev. Respir. Pis 146. 427 (1992); Donnely et al.. Lancet 341 . 643 ( 1 993). 
In addition the ELR chemokines (those containing the amino acids ELR motif just 
prior lo the CXC motiO have also been implicated in angiosiasis. Stricter el al, 
Science 258. 1798 (1992). 

15 In vitro, IL-8, Groa, GROp, GRO^^and NAP 2 induce neutrophil shape 

change, chemotaxis, granule release, and respiratory burst, by binding lo and 
activating receptors of the scven-transmembranc, G-proiein-linkcd family, in 
particular by binding to IL-8 receptors, most notably the B-receptor. Thomas et al., 
I b'lQl Ch^m. 2^6, 14839 (1991); and Holmes et al., Science 253 . 1278 (1991). 

20 The development of non-peptide small molecule antagonists for members of this 
receptor family has precedent. For a review sec R. Frcidingcr m: Progress in Dm^ 
Rgse^h , Vol. 40, pp. 33-98, Birkhauser Verlag, Basel 1993. Hence, the IL-8 
receptor represents a pron^sing target for the development of novel anti- 
inflaiimiatory agents;. 

2-"^ T^wo high affinity human IL-8 receptors (77% homology) have been 

characienzcd: IL-8Ra, which binds only IL-8 with high affinity, and IL-8Rp, 
which has high affinity for IL-8 as well as for GRO-a, GROp, GROy and NAP-2. 
See Holmes et al . supra; Murphv el al.. Science 253 . 1280 (1991); Lee ct al., J 
hjQL£hcm.2tl^ 16283 (1992); LaRosa ct al., J, BjqI. Chcm. 2fi7. 25402 nQQ?v 

30 and Gayle et al., J. Biol. Chem. 268 7283 (1993). 

There remains a need for treatment, in ihis field, for compounds which arc 
capable of binding to the IL^8 a or (5 rcceplor. Therefore, conditions associated 
with an increase m lL-8 production (which is responsible for chemotaxis of 
neuirophii and T cells subsets into the mftammaion' site) would K'ncHt by 

.^^ compounds which arc inhibitors of IL-8 receptor binding. 

- 2 - 
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SUMMARY OF TIIE INVENTION 

Thjs invention relates to the novel compounds of Formula (I) and 
phamiaccuucaJ compositions comprising a compound of Formula (I) and a 
pharmaceutically acceptable diluent or carrier. 

This invention provides for a method of treatmg a chemolune mediated disease 
wherein the chcmokine is one which binds to an lL-8 a or (3 receptor and which method 
compnses administering an effective amount of a compound of Formula (I) or a 
phamiaceutically acceptable salt thereof. In particular the chemokine is IL-8. 

This invention also relates to a method of inhibiting the binding of IL-8 to its 
receptors in a mammal in need thereof which comprises administering to said mammal 
an effective amount of a compound of Formula (I), 

Compounds of Formula (I) useful m the present methods are represented by the 

stmcture: 




wherein 
Ris orX-(CH2)n- R6; 
X is oxygen or -C(0)-NH-; 

R6 is an optionally substituted C3-7 cycioalkyJ, optionally substituted 

C3-7cycioalkenyl, or an optionally substituted aryl; 
nis 0 or an integer having a value of 1, 2, 3 or 4; 

R| IS hydrogen, halogen, halosubs.ituted C-g alkyl, Cg alkyi. hydroxy. C, galkoxy 
halosubstitutedCi.g alkoxy. -(CH2),aryl. 0-(CH2), arvl. O-CH2-O-C1 galkyl 
0-(CH2)v<:(0)OC,.4alkyl, K02. S(0)n,R2, NnC(0)R4 -C(0)Ry 

together .wo R, moieties may form a methylene dioxy nng system or together ,w 
Rl moiet.es may form a 6 membered saturated or unsaturated ring system wh.ch 
may be optionally substituted; 

s IS an integer having a value of I, 2. or 3, 

V IS an integer having a value of 1 . 2, 3, or 4, 

m IS 0 or an integer having a value t)f i or 2. 



or 

o 
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t is 0 or an integer having a value of 1 . 2, 3 or 4; 
R2 is an optionally substituted C\.% alkyl; 

R3 is independently hydrogen, or Ci-4 alkyl, or together with the nitrogen to which 

they are attached form a 5 to 7 membcred saturated or unsaturated ring; 
5 R4 is independently hydrogen, or Ci-4 alkyl; 

R5 is hydrogen, optionally substituted Cj-g alkyl, or Cj-g aJkoxy; 

provided that when R 1 is hydrogen, s is 1, X is O, n = I than R6 is other than an 

unsubstituted phenyl; 

when s = 3, R) is a 4-5 methylene dioxy ring, 2- chloro, n=l, X = O , then R6 is 
10 other than a 2,6-difiuoro substituted phenyl; 

when s = 3, R 1 is a 4-5 methylene dioxy ring, 2- chloro, n= 1 , X = O , then R6 is 
other than a 2.- or 4- C(0)2H substituted phenyl; 

when s = 3, Ri is a 4-5 methylene dioxy ring. 2- chloro, n=l, X = O , then R6 is 
other than a 3-phenyloxy substituted phenyl; 

IS or nharTnarpiirir;^Ilv arrp.nlahlp <;nlr<; rhprpof 

» v ^ ... — 

DETAILED DESCRIPTION OF THE INVENTION 

The novel compounds of Formula (1) may also be used in association with the 

veterinary treatment of mammals, other than humans, in need of inhibition of IL-8 or 
20 other chemokjnes which bind 10 the IL-8 a and b receptors. Chemokine mediated 

diseases for treatment, therapeutically or prophylactically, m animals include disease 

states such as those noted herein in the Methods of Treatment section. 

Suitably R6 is an optionally substituted C3-7 cycloalkyl, optionally substituted 

C3-7 cycloalkenyl, or optionally substituted aryl; wherein n is 0 or an integer having a 
2s value of 1 , 2, 3 or 4. Preferably, R6 is an optionally substituted 0-(CR8R9)n'ary!, 

wherein the ai^l is phenyl, and n is preferably I , such as in a benzyloxy group. 

The R6 cycloalkyl, cycloalkenyl and aryl rmgs may be optionally substituted 

one or more times independently by halogen; hydroxy; hydroxy substituted C]-ir>alkyl. 

CmO alkyl, such as methyl, ethyl, propyl, isopropyl. or t-bu(yl; halosubstituted Ci-iQ 
30 alkyl. such CF3; C\.\o alkoxy, such as methoxy, ethoxy, isopropyloxy, or propyloxy: 

optionally substituted C] -lo alkoxy. such as rncthoxymethoxy or trifluoromcthoxy; 

^^-^1-10 idkyl. such as methyl thio, C(0)Ci. iQalkyl such as 2,2-dimelhylpropanoyl. 

r(())2H; cyano, nitro; aryloxy, such as phenoxy (wherein the aryl ring may be 

optionally substituted as defined herein); an optionally substituted aryl, such as phcnvl. 
3.*; an optionally substituted arylalkyl. such as benzyl or phenethyl. an optionally 



4 
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substituted heteroaryl, such as tetrazole. or an optionally substituted heteroarylalkyl. 
wherein these aryl and heteroaryl moieties may be substituted one to two times by 
haJogen; hydroxy; hydroxy subsutuied alkyj; C\.\o alkoxy; S(0)m Cmq alkyl. 
wherein m is 0, 1 or 2; amino, mono & di-substituted amino, such as in the N(R3)2 
group; Ci-io aJkyl, or halosubsututed Cj-io aJkyl, such as CF3. 

Suitably when R6 is a C3-7 cycloalkyi moiety it is preferably a cyclohexyJ ring, 
such as m cyciohexylmethoxy. 

Suitably X is oxygen or C(0)NH-. preferably oxygen. When X is C(0)NH, 
is preferably aryl and n is 0. 

Suitably Ri is hydrogen, halogen, halosubstituted Ci-8 alkyl, Ci_8 alkyl. 
hydroxy, Ci-salkoxy, halosubstitutedCi^g alkoxy, 0-CH2-0-Ci-8alkyl, -(CH2)iaryi, 
0-(CH2)t aryl, -0-fCH2)vC{0)0C 1 _4alkyl. NO2, S(0)mR2. N(R3)2 , NHC(0)R4. 
-C(0)R5, or together two R i moieties may form a methylene dioxy rmg system, or 
together two R] moieties may form a 6 membcred saturated or unsaturated ring system 

which may be optionally substituted; wherein sis an inrepprhnvin. a. ,...e of I ^ r,, 
4; t IS 0 or an integer having a value of 1, 2. 3. or 4; v is an integer having a value of 1 . 
2, 3, or 4; and m is 0 or an integer having a value of 1 or 2. 

Preferably when the phenyl ring is monosubstituted. the R| group is in the 
4-posiuon. When the phenyl ring is substituted by a methylenedioxy group it ,s 
preferably in the 3.4-posiiion; and more preferably the phenyl ring may also be 
additionally substituted by another R ,, such as halogen, preferably nuorine or chlorine 
When the two Ri moieties form a 6 membcred saturated or unsaturated ring system , 
which may contain 0 to 2 double bonds, and is preferably an aromatic ring forming a 
naphthyl nng system, which ring may be optionally substituted as defined herein 
Preferred substitucnts for R, arc NO2, OCT^, OCH3, CH3. benzyloxy. phcnoxy. 
hydrogen or halogen, preferably fluonnc or chlorine, more preferably chlorine. 

Suitably, R2 is an optionally substituted Ci-8 aJkyl. 

Suitably, R3 is indepcndcntJy hydrogen, or C|-4 alkvl. or together with the 
nitrogen to which they are attached form a 5 to 7 membered saturated or unsaturated 
ring; such as such as pyrrole, piperidinc, or pyridine. 

Suitably. R4 IS independently hydrogen, or T 1.4 alkyl. 

Suitably. Rs is hydrogen, optionally substituted C|.H alkyl. or Cls alkoxy 

Suitably. R8 and R9 are independcntiv hydrogen or C 14 alky! 

Hxcmplificd compounds of Formula <1) include: 
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]-(2-chloro-4,5-methy)enedioxybenzyI)-5-{4-melhoxybenzyloxy)indolc-2- 
carboxylic acid; 

^(2K:hlorO'4,5-mc^hylcncdioxybenzyl)-5-(4-trifluo^ornclhyJbenzyioxy)indole-2- 
carboxylic acid; 

5 5-benzyIoxy- 1 -(2-chloro-4.5-methylenedioxybenzyl)indole-2-carboxylic acid; 
l-(2-chloro-4,5-mcthylcnedioxybenzyl)-5-(3-trifluoromethylbcn2yloxy)indoJe-2- 
carboxylic acid; 

1 -f 2-chloro-4,5-methy ienedioxybcnzyl )-5-|(R)- 1 -phenylcthoxy ]indole-2-carboxylic 
acid; 

10 l-l2-chloro-4,5-methyIenedmxybenzyl)-5-(2-influoromcthylbenzyloxy)indole-2- 
carboxylic acid; 

l-f2-chJoro-4.5-methylenedioxybenzyl)-5-(2-mcthoxybcnzyloxy)indoIc-2- 
carboxylic acid; 

l-(2-chloro-4,5-mcthylcncdioxybcnzyl)-5-(2,6~dichlorobcnzyloxy)indoie-2- 
15 carboxylic acid; 

l-(2^hloro-4.5-methylcncdioxybcn7.yI)-5-[(S)-l-phcnylcthoxy]indolc-2-carboxylic 
acid; 

l-(2-chloro-4,5-methylcncdioxybcnzyI)-5-(4-<:arhoxyben7yJoxy)indole-2-carboxy]ic 
acid; 

20 l-(2-chloro-4,5-methylcncdioxybenzyl)-5-(3-methoxybcnzyloxy)indoJe-2- 
carboxylic acid; 

l-(2-chioro-4,5-methylencdioxybenzyl) 5-cyclohexyimc»hoxyindole-2-carboxylic 
acid; 

l-(2'Chloro-4,5-methyIenedioxybcnzyl)-5-(3-carboxybenzyloxy)jndoJe-2-carboxylic 
2*^ acid; 

1 (2-chloro-^t,5-melhylcnedioxybenzyl)-5-[4-(lH)-tetrazoly]bcnzyioxy]indoie-2 
carboxylic acid; 

]-(2-ch]oro-4.5-methylenedioxybenzyl)-5-(N-phenyIcarboxamido)indoie-2- 
carboxylic acid; 

30 I-(2-chloro-4.5-mcthylcncdioxybenzyl)-5-(2-phenoxybenzyloxy)indoIe-2-carboxylic 

acid. 

As used herein, "optionally substituted" unless specifically defined shall nicjn 
such groups as halogen, such as fluorine, chlorine, bromine or iodine; hvdroxv; hvdroxv 
substituted Ci-iQalkyl; Cmq alkoxy, such as mcthoxy or ethoxy, S(())m CMQalkyl. 
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Wherein m is 0. 1 or 2, such as methyl thio. methylsulfiny) or methyl sulfonyl; amino, 
mono & di-substituted amino, such as in the N(R3)2 group; Ci-io alkyi, such as 
methyl, ethyl, propyl, isopropyl. or i-butyl; halo.substitutcd Ci-io alkyI, such CF3; an 
optionally substituted aryl, such as phenyl, or an optionally substituted arylalkyl, such 
as benzyl or phencthyl, wherein these aryl moieties may be substituted one to two times 
by halogen; hydroxy; hydroxy substituted alkyl; Cmo alkoxy; S(0)m Cmq alkyl; 
amino, mono & di-substituted amino, such as in the N(R3)2 group; Cmq alkyl, or 
haJosubstituted Cmq alkyl, such as CF3. 



10 



15 



20 



Suitable pharmaccutically acceptable salts arc well known to those skilled m the 
art and include basic salts of inorganic and organic acids, such a-s hydrochloric acid, 
hydrobromic acid, sulphuric acid, phosphoric acid, methane sulphonic acid, ethane 
sulphonic acid, acetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid, 
succinic acid, fumaric acid, maleic acid, benzoic acid, salicylic acid, phcnylacclic acid 
and mandelic acid. In addition, pharmaceutically acceptable ^alts of compounds of 
Formula (I) may also be formed with a pharmaccutically acceptable cation, for instance, 
if a substiluent group comprises a carboxy moiety. Suitable pharmaceutically 
acceptable cations are well known to tho.sc skilled in the ait and include alkaline, 
alkaline earth, ammonium and quaternary ammonium cations. 

A preferred sah form of the compounds of Formula (I) is the sodium salt. 



The following terms, as used herein, refer to: 

• ''halo" - all halogens, that is chloro, fluoro, bromo and iodo. 

• "Ci.ioalkyl" or "alkyl" - both straight and branched chain radicals of 1 lo 10 
2.-; carbon atoms, unless the chain length is otherwise limited, including, but not limited to. 

methyl, ethyl, n-propyl, w-propyl, n-butyl, secbml. u,>-buiyl. r/-butyl, ,,-pentyl and 
the like. 

• •cycloalkyl" is used herein to mean cyclic radicals, preferably of ^ u> H 
carbons, including but not limited to cyclopropyl. cyclopcntyl. cyclohcxyl. and the like. 

• "cycloalkcnyl" is used herein to mean cyclic radicals, preferably of .3 to 8 
carbons., having one or more bonds which arc unsaturated, including but not Imiited t<, 
cyclopcntenyl, or cyclohexenyl 

• "alkenyl" ,,s used herein at all occurrences t„ mean straight or branched chain 
radical of 2-10 carbon atoms, unless the cham Icnjrth is Imnted thereto, including. h,„ 
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not limited to ethcnyl, I-propcnyl, 2-propenyI, 2-methyl-l-propcnyK 1-butenyK 2- 
buienyl and the like. 

• "aryl" • phenyl and naphthyl ring. 

• "heteroaryr' (on its own or in any combination, such as "hctcroaryloxy", or 

s "hcteroaryl alkyl'*) - a 5- 10 nncmbcrcd aromatic ring system in which one or more rings 
contain one or more heteroaioms selected from the group consisting of N, O or S, such 
as, but not limited, to pyrrole, pyrazole, furan, thiophene, quinoline, isoquinoline, 
quinazoiiny], pyridine, pyrimidine, oxazolc, thiazolc, thiadiazole, Iriazole, imidazole, or 
bcnzimidazole. 

10 • "heterocyclic" (on its own or in any combination, such as "heterocyclylalkyr ) 

- a saturated or partially unsaturated 4-10 mcmbered ring system in which one or more 
nngs contain one or more heteroatoms selected from the group consisting of N, O, or S; 
such as» but not limited to, pyrrolidine, piperidinc, pipcrazme, morpholine, 
teirahydropyran, or imidazolidine. 

!S • Th^ r/»rm "arullrv/l" r\r "K/ktrtrr^r^r-i r I , I " ^t^,-,,^, ,^1 . „ ^ 1 1, . , I '» ;~ ^ J u :_ 

nKan Ci-8 alkyl as defined above attached to an aryl, heleroaryl or heterocyclic moiety, 
as also defined herein, unless otherwise indicated. 

• "sulfinyl" - the oxide S (O) of the corresponding sulfide, the term "ihio" 
refers to the sulfide, and the term "sulfonyl" refers to the fully oxidized S(0)2 moiety. 

20 

The compounds of Formula (I) may be obtained by appiymg synthetic 
procedures, sook of which are illustrated in the Schemes below. The synthesis 
provided for in these Schemes is applicable for the producing compounds of Formula 
(I) having a variety of different R, and Ri groups which are reacted, empioymg optional 
2S substitucnls which are suitably protected, to achieve compatibility with the reactions 

outlined herein. Subsequent dcproteclion, in those cases, then affords compounds of the 
nature generally disclosed. Once the indole nucleus has been established, further 
compounds of Formula (I^l may be prepared by applying standard techniques for 
functional group interconversion, well known in the art. 

Compounds of the formula I wherein R ^ = alkyl or arylaikyi arc prepared by 
methods analogous lo those dcscrilKd in Sctu:me 1 



- H - 
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I'Schgmg 1 is alkylated by ircaimenl with a strong base (such as sodium 
hydride or potassium hydride) in an aprotic solvent (such as DMF or THF) and 6- 
chloropipcronyl chloride to provide 2-$cheme K Treatment of 2-Schcme 1 with a 
suitable hydrogenation catalyst (such as palladium on carbon) under a hydrogen 
-S atmosphere in a polar solvent (such as ethyl acetate or ethanol) should provide V 
Scheme 1 . This material may be alkylated by treatment with a strong base (such as 
sodium hydride or potassium hydride) in an aprotic solvent (such as DMF or THF) 
and an aJkyl halide. Alternatively, 4~Scheme 1 may be prepared by treatment with a 
primary or secondary alcohol (such as benzyl or hcierocycle-subslituted benzyl), 
]0 tnphenylphosphine and an azodicarboxylic ester (such as diethyl azodicarboxylatc 
or diisopropylazodicarboxylale) in an aprotic solvent (such as THF or N- 
mcthylmorpholine). 4-$<phcmg.l may be saponified by treatment with a hydroxide 
base (such as potassium hydroxide, sodium hydroxide or lithium hydroxide) to yield 
carboxylic acid 5-Schcme 1 . 



- 10- 
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Compounds of the formula I wherein is 4-(2-tcirazolyl)benzyi arc 
prepared by methods analogous to \ho%c described in Scheme 2. Treatment of 
Scheme 2 with a strong base (such as sodium hydnde or potassium hydride) in an 
aprotic solvent (such as DMF or THF) and 4-cyanobenzyl bromide provides 2z 
5 Scheme 2 . This material is converted to the tctrazoie 3-Scheme 2 by treatment with 
sodium azide and trimethyltin chloride in toluene. 3-Schcme 2 may be saponified 
by treatment with a hydroxide base (such as potassium hydroxide^ sodium hydroxide 
or lithium hydroxide) to yield carb<:)xylic acid 4-Scheme 2 . 

10 F^harmaceutically acid addition salts of compounds of Formula (J) may be 

obtained in icnown manner, for example by treatmenl thereof with an appropriate 
amount of acid in the presence of a suitable solvent. 



In the Examples, all temperatures are in degrees Centigrade (*^C). Mass spectra 

.rw*^ J^wi 1 v^.^...^v^ .JJ^V^l* U T V_l lll«^->.1 ^>pV-V.tl UJIll^ 1 U J> I U I I 1 I L7V^ I I 1 U CU VJ 1 1 J W 1 1 I , 

unless otherwise indicated. NMR (hereinafter "NMR") spectra were recorded at 250 
MHz or 4(X)MHz using a Bruker AM 250 or Am 400 spectrometer, respectively. 
Multiplicities indicated are: s=singlet, d^doublet, t^^triplet, q=quartet, m=mulliplet and 
br indicates a broad signal. Sat. indicates a saturated solution, cq indicates the 
20 proportion of a molar equivalent of reagent relative lo the principal reaciant. 

Flash chromatography is run over Merck Silica gel 60 (230 - 4(K) mesh) 

SYNTHETIC EXAMPLES 

The invention will now be described by reference to the following examples 
25 which are merely illustrative and are not to be consU-ued as a linutation of the scope of 
the present invention. All temperatures are given m degrees centigrade, all solvents are 
highest available purity and all reactions run under anydrous conditions in an argon 
atmosphere unless otherwise indicated. 

I:\amplc 1 

Pfcpa iaUon of l-(2-cblQro-4.5-mcthvlcncdioxvbcnzvn 5-(4-methoxvbcnzvloxv)- 
indQk-2-cflrtx:>?iylig acid 

a) ethyl 5-benzyloxy-l-(2-chJaro-4.5 rnelhylenedioxybenzyl]indole-2-carhoxylate 

To a stirring suspension of s(xlium hvdridr (2.03grarns (hereinafter "g"), 
(60% in mineral oil), 50.8 millimolcs (hereinafter "nimol")) in DMF { 1 OOmilhlitcrs 
35 (hcrcmaftcr " mL")) was added ethyl 5-lx:nzyloxyindo]c-2-carboxylalc ( lO.Og, 
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33.9mmol)- After 10 minutes (hereinafter "min"). 6-chloropiperonyl chloride 
(10.4g, 50.8minol) was added. After 1 hour, the mixture was partitioned between 
water and ethyl acetate. The organic layer was washed with water and saturated 
brine, dried (MgS04), filtered and concentrated to leave an oily pale yellow solid. 

5 The solid was recrystallized from ethanol to provide the title compound as a white 
solid (7.8g, 50%). IhNMR (400MHz, CDCI3) d 7,49 - 7.33 (m, 6H), 7.19 - 7.08 
(m. 3H), 6.87 (s, IH). 5.86 (s, 2H), 5.78 (s, IH), 5.77 (s, 2H), 5, 1 1 (s, 2H). 4.33 (q, 
2H), 1.36 (t, 3H). 

b) eihyJ 1 -(2-chloro-4,5-methylencdioxybenzyI)-5-hydroxyindolc-2-carboxylaie 
10 The compound of Example 1(a) (7.8 g. 16.8 mmol) was dissolved in ethyl 

acetate (250 naL) and to the solution was added 10% palladium on carbon (3.9 
50% w/w ). The mixture was placed on a Parr shaker at 60 p.s.i. for 16 hours, then 
filtered through Celite. The solution was concentrated to give a residue that was 
purified by column chromatography (silica gel, ethyl acetale/hexane) to give the title 
15 compound as a white solid (4.7 Ig, 75%). ^HNMR {400MH2, CE>C!3) d 7.3 ] (n:. 
IH), 7. 11 (m. 2H), 6.91 (m, IH), 6.89 (s, IH), 5.86 (s, 2H), 5.79 (s, IH). 5.75 (s, 
2H). 4.62 (s. IH). 4.32 (q, 2H), 1.33 (t, 3H). 

c) ethyl I -(2-chloro-4,5-methylenedioxybcnzyl)-5-(4-mcthoxybenzyloxy )indoIe-2- 
carboxylale 

20 The compound of Example 1(b) (0. 1 10 g, 0.294mmol), 4-methoxybcnzyl 

alcohol (0.061 g, 0.441 mmol), and triphenylphosphine (0.1 16 g, 0 .441 mmol) 
were dissolved in N-methylmorphiline (2mL) and taken 10 0_C when 
diisopropylazodicarboxylate (0.089 g. 0.441 mmol) was added dropwise. The 
solution was allowed to wann to room temperature and stir for 16 hours when 

2S concentrated. The resulting residue was chromatographed (silica gel, ethyl 
acetale/hcxane) to provide the title compound as a white solid (0.060 g, 41%). 
^HNMR (400MHz, CDCI3) d 7.42 (m, 2H), 7.20 - 7.04 (m. 4H), 6.92 (m, 3H). 
^ 88 (s. 2H), ^M) fs. IH). 5 7-7 (s. 2H), 5.0^ (s. :H), 4.34 iq. 2H), 3.R3 (s, 3H). 
1.37 (t,3H). 

.30 d) l-(2-chlofo 4,5-methylenedioxybenzyi)-5-(4'methoxyben7,yloxy)indole-2- 
carboxylic acid 

The compound of Example \{c) (0.06()g. 0.12immol) was dissolved m 
1 5mL ol 1:1 THF/ethanol and 3N potassium hydroxide ( 1.2mL) was added. Thr 
mixture was heated at reflux for 1.5 hours then diluted with ethyl acetate and 
acidified with 3N HCl. The organic layer w;is washed with saturated brine, dried 

- 13 - 
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(MgS04), nitered and concentrated to provide the title compound (0.056g, 100%) 
The title compound was converted to the sodium salt using 1 .0 equivalents of 0. 1 N 
sodium hydroxide jn ethanol. MS (MH+): 466.0. 



Pfgp<tfal i <?n l -(2'<^h l oro -4 . $-mcthv le nc dioxvben7vn-5-(4-irifluornmprhyl- 
t )Cn?vlQXvVindolc-2-carhoxvlic acid 

a) ethyl 1 -(2-chloro-4,5-methylcnedioxybenzyl)-5-(4-trinuoromethyl- 
ben2yloxy)indole-2-carboxylaie 

To a stirring suspension of sodium hydride (0.0I6g, (60% m mineral oil), 
0.402 rnmol) in DMF (2 mL) was added ethyl l-(2 chloro-4,5-methylenc- 
dioxybcnzyl) 5-hydroxyindole-2-carboxylale (0.100 0.268 mmol). After 15 
minutes, 4-trinuoromcthyibenzyl bromide (0.096 g, 0.402 mmol) was added. After 
1-5 hours, the mixture wa.s partitioned between water and ethyl acetate. The organic 
layer was washed with waler and sarnr;*trH hrin^- Hri^H ^M«Qn4\ r.)t^^^,\ 

concentrated to a residue thai was purified by column chromatography (ethyl 
acetale/hcxane) to give the title compound as a white solid (0.124 g. 87%). 
iHNMR (400MHz, CDCI3) d 7.66 (d, 2H), 7.59 (d, 2H). 7.32 (s, IH), 7. 16 (m, 
2H). 7.08 (m, IH), 6.88 (s. IH). 5.86 (s. 2H), 5.79 (s. IH). 5.78 (s, 2H), 5.17 (s, 
2H),4.33(q, 2H), 1.37 (t,3H). 

b) l-(2-chloro^4.5-methylenedioxybenzyl)-5 {4-trifluoromeihy]benzyIoxy)indole-2- 
carboxylic acid 

Following the procedure of Example 1(d), except substituting ethyl l-(2- 
chloro-4,5-mcthylenedioxybenzyl)-5-(4-tnfluoromethylbcnzyloxy)indoIe-2- 
carboxylate for ethyl 1 -(2-chloro-4,5-^methylenedioxybcn2yl)-5-(4^ 
nieihoxybenzyloxy)mdolc-2'carboxylate, the title compound was prepared as a 
white solid (0.1 15g, 100%). ^HNMR (400MHz, CD30D)d 7.58 {m,4H), 7.1 3 (m, 
IH), 7.05 (m, 6 (m. IH). 6.78 (s. IHj. 5.89 (s. 211), 5 80 (s. 1 H). 5 78 is. 
2H), 5.]3(s, 2Uy 



Example 3 

toPftratK^n o f 5-bcnzvloxv^ l -f2-chlnrfv4 '^-w niYl^n-:'^-y^-aTxili^^ 

Following the prwedurc of Example 2{:i)-2( b). except substitutmg benzyl 
bromide for 4 tnfluoromcthylbcnzyi bromide m step (a), the title compound was 
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prepared as a white solid (82% overall). IhNMR (400MHz. CDCI3) d 7.42 - 7.35 

(m, 6H), 7.15- 7.08 (m. 2H).7.00(m, 1H),6.81 (s. 1H).5.81(S. 2H), 5.72 (s. IH), 
5.70 (s. 211), 5.06 (i,2H). 

** Example 4 

EKPa rat.on of | -f2-chloro-4 5-methvlfn^Hi^ v vbcn7.vll-5-n-trinuoromethvl- 
beflZVloxv)indole-2- cajboxYli i; 3^;)!;^ 

Following the procedure of Example 2(a)-2(b) except substituting 3- 
trifluoromethylbenzyl brom.de for 4-trinuoromclhylbenzyl bromide in step (a), the 
tale compound was prepared as a while solid (0. 103g, 76% overall) MS (MH+) 
502.0. 



Example 5 

?Kpmtm Qf l-(?-rhloro^.5-nnethvl c nedioxvh<'n7vl)-S-[fp),i - 
'■^ Phgnvlethoxvlindole-2-rarhoxvlicacid 

Followmg the procedure of Example 1(a)- 1(d) except substituting (R)-(+). 
«c-phenethyl alcohol for 4-methoxybenzy| alcohol in step (c). the title compound 
was prepared as a yellow solid (O.055g, 38% overall). MS (MH+): 450.0. 



20 
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£xamEl£_6 

bcn?,vl0XV)mdole-2-rarh( >i^V|ir rlf'^ 

Following the procedure of Example l(u)-l(d) except substituting 2- 
trifluoromethylbenzyl alcohol for 4-mcthoxybcn7.yl alcohol in step (c). the t.tle 
compound was prepared a.s a wh.tc solid (0. 1 14g, 68% overall). MS (MH"): 502.0. 

Examp le? 

EgmiQaiO -(^ch|pm-t ,^ji£ll^^ 

b£DZVlQX V)lpdole-2-carboxv ljf 

Following the procedure of Example 1(a)- 1(d) except substituting 2- 
mc.hoxybenzyl alcohol for 4-methoxybcnzyl alcohol in .step (c). the tule compound 
wa.s prepared as a white solid (0.083g, 50% overall) MS (Ml?-); 464 0. 
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Preparation of l-(2-ch!oro-4.5-mcthvlcnediQxybcnzyn-5-(2.6-dichloro- 
bciizvloxv)indQlc-2-carboxvlic acid 

Following the procedure of Example 2(a)-2(b) except substituting 2.6- 
dichlorobcnzyl bromide for 4-irifluoromcthylben2yl bromide in step (a), the title 
s compound was prepared as a white solid (0.096g, 71% overall). MS (MH"^): 504.0. 

Preparation of l-(2-chloro-4.5-mcihvlencdioxvbcnzvl)-5-[(S)- 1-phcnvl- 
cthoxvUndole-2-carboxviic acid 
10 Following the procedure of Example l(a)-l(d) except substituting (S)-(-)- 

^fc-phenethyl alcohol for 4-mcthoxyben2yl alcohol in step (c), the title compound 
was prepared a.s a yellow solid (0.068g, 45% overall). MS (MH ): 448.2. 

1 ^ PrCPnr^TtiOr! of l- <^?-rhlorfvd S-mpthvlpnpHinYvK/-n7vM-S-<'4^arhnYvhwo'n-7vInYv )- 

Following the procedure of Example 2(a)-2(b) except substituting methyl 4- 
(bromomethyl)benzx)atc for 4-tnnuoromcthylbcnzyl bromide in step (a), the title 
compound was prepared as a white solid (30% overall). MS (MH'): 478.0. 

20 

Example 1 1 

Preparation of l-(2-chlQro-4.5-methvienedioxvbenzvlV5-(3-methvloxvbcnzvloxy) - 

jpdQlg-^-carboxylic acid 

Following the procedure of Example 2(a)-2(b ) except substituting 3- 
methoxybenzy! chloride for 4-trifluoromethylbcnzyl bromide in step (a), the title 
compound was prepared as a white solid (0.082g, 66% overall). MS (MH^): 466.0. 

Example 12 

preparation of I -(2-chloro^.5-melhvlcnedioxvb€nzvn-5-cvclohexyimethQxvindole- 
M) 2-cart>o;^ylic.4cid 

Following the procedure of Example 2(a)-2(b) except substituting 
cvclohcxylmcthylbromide for 4 trifluoromethylbenzyl bromide in step (a), the title 
compound was prepared as a white solid (O.OHlg. 70% overall). MS (MH^): 442.0 

•^^ Example 13 

16 - 
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Prcp^raUQn of . Wf^-bQXvhcn7.vloxvVl-(2-chlo^ o-4.5-methv]enedio^y- 
ben^vnindoIe-2-ca^boxvlic arid 

Following the procedure of Example 2(a)-2(b) except substituting methyl 3- 
(bromomethyObenzoale for 4-trifluoromelhyjbenzyl bromide in step (a), the title 
5 compound wa,s prepared as a white solid (0.090g, 70% overall). MS (MH"): 478.0. 

Exa m ple 1 4 

PrgpftratiQP of 1 -f?-- chlQrp-4.5-mcthvlenedioxvb^ r )zvn-5-r4-r 1 Hl tetrazoivl- 
bcnzvloxv]indn|c- ;-carboxvlic a ,c\(^ 

la a) ethyl 1 '(2'diioro-4,5-methylencdioxybenzyl)-5-(4-cyanobcnzyloxy)indole-2- 
carboxylalc 

Following the procedure of Example 2(a) except substituting a-bromo-p- 
tolunilrile for 4-trifluoromcthyJbcnzyl bromide, the title compound was prepared as 
a white solid (0.260g. O.532mmol). ^HNMR (400MHz. CDCI3) d 7.72 (d, lU), 

1 Lj\ c on --11 1 ^ 

5.77 (s, 3H). 5. 14 (s, 2H), 4.33 (q. 2H). 135 (t. 3H). 

b) ethyl 1 -(2-chlorD-4,5-methylcnedioxybenzyl)-5-f4-( 1 H)-ietrazoIyl- 

benzYloxy)indole-2-carboxyIate 

A mixture of u-in>cthyltin chloride (0.489g, 2.46minol) and sodium azide 
(0.200g, 3.07mmol) were stirred in toluene ( IQmL) for 10 minutes, when the 
compound of Example 14 (a) (0. 150g, O.307mmol) was added. The mixture was 
then stirred at reflux temperature for 48 hours when a lilmixiure of methanol/1 N 
hydrochloric acid (lOmL) was added and stirred at room temperature for 2 hours. 
The mixture was then diluted with ethyl acetate and washed successively with water 
and saturated brine The organic layer was collected, dried over MgS04, filtered 
and concentrated to a residue that was purified by column chromatography (silica 
gel, methanoiymethylene chloride) to yield the title compound as a white solid 
(0. 12]g, O.227mmon. »HNMR (400MHz. CD3OD) d 8.01 id, 2H). 7 58 (d, 2H), 
7.32 (s. IH). 7. 12 (m. 3H), 6.83 (s, IH), 5.81 (s. 2H). 5.71 (s, HI), 5.69 (s. 2H), 
5.14(s, 2H).4.26(q.2H), 1.29 (t,3H). 

c) '-f2-chloro-4,5-methylencdioxybenzY!)^5-|4-(!H)-tclrazolym^ 
carhoxylic acid 

Following the procedure of Example 1(d), except suhstitutmg ethyl 1 (2 
chkmM,5 methylencdioxybenzyn-5-[4-(lH)-tetrazolylhcn7yloxv)mdo]c 2 
carboxylate for ethyl F(2 chloro-4,5-methylcncdioxybenzyl )-5 f4^methoxy^ 
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bcnzyloxy)indole"2-carboxylatc, the title compound was prepared as an off-whiic 
solid (O.D96g, 63% overall). MS (MH"): 502.3 

Example 15 

PfCP^ation of l-(2-chlQro-4.5-methvlen edioxvbenzvn-5-(N-phenvlcart>Qxamido)- 
indole-2-carboxvlic acid 

a) ethyl l-(2-chloro-4,5-methylenedioxybenzyl)-5'lrifluoromethanc- 
sulfony]oxyindole-2-carboxylate 

A solution of the compound of Example 1(b) (832 m^:, 2.2 mmol) and N- 
10 phcnyitnfluoromethanesuifonimide (816.9 mg. 2.27 mmol) in 6 mLof dry 

methylene chloride was cooled in an ice bath, and trielhylamine (240.8 mg. 2.38 
mmol, 0.33 mL) was added over 30 nainutes. The resulting mixture was held at O^C 
for 1 hour and allowed to warm to room temperature. The reaction mixture was 
stirred at room temperature for 16 hours. Then the reaction mixture was diluted 

— -T,i,, vi'aiv.i, 1 ixawn v^iiA^ wdicr anu ormc. i ne organic 

layer was dried over MgS04, filtered and concentrated under reduced pressure 

give the title compound (1.05 g. 93%). MS (M+H+): 490.0. 

b) ethyl l-(2-chloro-4,5-methylenedioxybenzyl)-5-(N phenylcarboxamido)indole- 
2-carboxylatc 

2t> A mixture of the compound of Example 15(a) (355 mg. 0.7 mmol), 

tnethylaminc (141.7 mg, 1.4 mmoK 0.2 mL), triphenylphosphme (1 2 mg, 0.042 
mmol). palladium acetate (5 mg, 0.021 mmol) and aniline ( 1 .30 g, 14 mmol, 1.27 
mL) in DMF (4 mL) wa^ purged with carbon monoxide for 5 mmutes and stirred 
under a CO ballon at 60<^C for 16 h, then cooled to room temperature. The reaction 

2S mixture was diluted with brine, extracted with ether, washed with IN HCl and then 
brine until neutral. The organic layer was dried over MgS04. Hlicred and 
concentrated under reduced pressure and chromatography of the resulting liquid on 
silica gel (hexane : ethyl acetate; I M the title compound (270 mg, 78%). MS 
(M+H+): 477.1. 

30 c) l-(2-chloro-4,5-methyicnedioxybenzyl)-5'(N-phenylcarboxamido)indole-2- 
carboxylic acid 

Following the procedure of Example 1(d), except substituting ethyl l-(2 
chloro 4,5-incthylcncdioxyben/yl) 5-(N-phenylcarboxaInldoluuJo]c-2-cartK)xylatc 
cthyl l-i2 chloro-4.5-methvlenedioxvben/yli-5-(4-inethoxyhcn/vhixy)ind(ilc 2 
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carboxylale, the title compound was prepared as a white solid (122 mg. 93%). MS 
(M+H+): 448.0. 

Example 16 

Preparation of i -f2-Chloro-4.5-me th]enedioxvbcnzvl V5-(2-phcnoxvb€nzvloxv)- 
indole-2-carboxvlic ^jd 
a) 2-phenoxybenzyl alcohol 

2-Phenoxyben2oic acid (2.5 g, 11.7 mmol) was dissolved in THF and added 
dropwise over 1 5 min to a solution of lithium aluminum hydride (443 mg, 1 1 .7 
mn\o\) in THF. After 5 min, water (0.44 mL) was added sjowly, followed by 15% 
aqueous NaOH (0.44 mL) and water ( 1 .33 ml.). The solid was removed by vacuum 
nitration and the filtrate was concentrated to give the title compound (2.1 g, 90%). 
h\ NMR (400 MHz, d^-DMSO) d 7.59 (dd, IH), 7.39 (m, 2H), 7.3 (m, IH), 7 2 (t, 
1H),7.1 (t, IH),6.92(d,2H).6.89(d, IH). 

1 ethvl 1 -/"^-Phlnrn-d *i-m^thUnAHir^vifk^-^-T,,l^ <: /-^ _i 1 i w i i 

carb<uylaie 

Following the procedure of Example 1(c)- 1(d) except substituting 2- 
phenoxybenzyl alcohol for 4-melhoxybcnzyl alcohol in step (c), the title compound 
was prepared as a white solid (243 mg, 95%). MS ( M-H ): 526.0. 
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METHODS OF TREATMENT 

The compounds of Formula (I) or a pharmaceutically acceptable salt thereof can 
be used in the manufacture of a medicament for the prophylactic or therapeutic 
treatment of any disease state in a human, or other mammal, which is exacerbated or 
caused by excessive or unregulated IL 8 cytokine production by such mammal s cell, 
such as but not limited to monocytes and/or macrophages, or other chemokincs which 
bind to the IL-8 a or b receptor, also referred to as the type 1 or type II receptor. 

Accordingly, the present invention provides a method of treating a chemokinc 
mediated disease, wherein the chemokme is one which binds to an IL-8 a or b receptor 
and which method comprises administering an effective amount of a compound of 
Formula (I) or a pharmaceutically acceptable salt thereof, in panicular. the 
chcmolcincs arc IL-8, GROa, GROp, GROy, NAF-2 or HNA-78. 

The compounds of Formula fl) arc administered m an amount sufficient to 
inhibit cytokine function, in particular IL-X. GROu. GROp, GROy, NAP 2 or RNA-S, 
such that they are biologically regulated down to normal levels of physiological 
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function, or in some case to subnormal levels, so as to ameliorate the disease stale. 
Abnormal levels of IL-8, GROa. GROp, GRQy. NAP-2 or ENA-78 for instance in the 
context of the present invention, constitute: (i) levels of free IL-8 greater than or equal 
to 1 picogram per mL; (ii) any cell associated IL-8, GROa, GROp, GROy, NAP-2 or 
5 ENA-78 above normal physiological levels; or (iii)the presence IL-8, GROa, GROP, 
GROy, NAP-2 or ENA-78 above basal levels in cells or tissues in IL-8, GROa, GROp. 
GROy, NAP'2 or ENA-78 respectively, is produced. 

There are many disease states in which excessive or unregulated IL-8 production 
is implicated in exacerbating and/or causing the disease. Chcmokine mediated diseases 
10 include psoriasis, atopic dermatitis, arthritis, asthma, chronic obstructive pulmonary 
disease, adult respiratory distress syndrome, inflammatory bowel disease, Crohn's 
disease, ulcerative colitis, stroke, septic shock, endoloxic shock, gram negative sepsis, 
toxic shock syndrome, cardiac and renal reperfusion injury, glomenilonephritis, 
thrombosis, graft vs. host reaction, alzhcimers disease, allograft rejections, malaria, 

rf*ctM~tr\rtf or^ n i j^r* a n n r- 1 nw 1 1 A ^ r. A W. a ^ * „ .-^ 1 „ » I » ^ • „ „, „ ] 1 „ 

These diseases are primarily characterizxd by massive neutrophil infjllraiion, T 
cell infiltration, or neovascular growth, and are associated with lL-8, GROa, GROp, 
GROy, or NAP-2 production which is responsible for the chcmotaxis of neutrophils in(o 
the inflammatory site or the directional growth of endothelial cells. In contrast to other 

20 mnammatory cytokines (IL- 1 , TNF, and IL-6), with lL-8. GROa, GROp, GROy, or 
NAP-2 has the unique property of promoting neutrophil chemoiaxis, enzyme release 
including but not limited to elasiase release as well as superoxide production and 
activation. The a-chemokines but particularly, with IL-8, GROa, GROP, GROy, or 
NAP-2, working through the IL-8 type I or 11 receptor can promote the 

23 neovascularization of tumors by promoting the directional growth of endothelial ceils. 
Therefore, the inhibition of IL-8 induced chcmotaxis or activation would lead to a direct 
reduction in the neutrophil infiltration. 

The compounds of Formula (I) are administered in an amount sufficient to 
inhibit IL-8, bindmg to the lL-8 alpha or beta receptors, from binding to these receptors, 

30 such as evidenced by a reduction in neutrophil chcmotaxis and activation. The 

discovery that the compounds of Formula (I) arc inhibitors of lL-8 binding is based 
up<:)n the effects of the compounds of FormuIa.s (1) m the in vitro receptor bindmg 
assays which arc described herein. The compcninds of Formula {!) have been shown it> 
he dual inhibitors of both recombinant tvpc \ and type II IL-8 receptors Preferahiv Wvc 
compounds are mhibilors of only one receptor, preferahiv Tvpe II 
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As used herein, the term "IL-S mediated disease or disease state" refers to any 
and all disease states in which with IL-8, GROct, GROp. GROy. or NAP-2 plays a role, 
cither by production of with IL-8, GROa, GROp. GROy. or NAP-2 themselves, or by 
with IL-8, GROa. GROp. GROy, or NAP.2 causing another monokine to be released. 
5 such as but not limited to IL-1. IL-6 or TNP. A disease state in which, for instance. )L- 
1 is a major component, and whose production or action, is exacerbated or secreted in 
response to IL-8, would therefore be considered a disease stated mediated by IL-8. 

As used herein, the term "chemokine mediated disease or disease state" refers to 
any and all disease states in which a chemokine which binds to an IL-8 a or b receptor 
10 plays a role, such as but not limited to with lL-8. GROa. GROp. GROy. or NAP 2. 
This would include a disease state in which. IL-8 plays a role, either by production of 
IL-8 itself, or by IL-8 causing another monokine (o be released, such as but not limited 
to IL-1. IL-6 or TNF. A disease state in which, for instance. IL- 1 is a major 
component, and whose production or action, is exacerbated or secreted in response to 
15 IL-8. would therefore be 

As used herein, the term "cytokine" refers to any secreted polypeptide thai 
affects the functions of cells and is a molecule which modulates interactions between 
cells in the immune, inflammatory or hematopoietic response. A cytokine includes, but 
is not limited to. monokines and lymphokincs. regardless of which cells produce them 
For instance, a monokine is generally referred to as being produced and secreted by a 
mononuclear cell, such as a macrophage and/or monocyte. Many other cells however 
also produce monokines, such as natural killer cells, fibroblasts, basophils, neutrophils, 
endothelial cells, brain astrocytes, bone marrow stromal ceils, epideral keratinocytes 
and B-lymphocyies. Lymphokines are generally referred to as being produced by 
lymphocyte cells. Examples of cytokines include, but are not limited lo, Interleukin- i 
(IL-1). Intcrlcukin-6 (IL-6). Interleukin-S (IL S). Tumor Necrosis Factor-alpha (TNF- 
a) and Tumor Necrosis Factor beta (TNF-B). 

As used herein, the term "chemokine" refers to any secreted polypeptide thai 
affects the functions of cells and is a molecule which modulates interactions between 
cells m the immune, inflammatory or hematopoietic respon.se. similar to the term 
"cytokine" above. A chemokine is pnm.inly secreted through cell transmembranes anJ 
cau.ses chcmotaxis and activation of specific while blood cells and leukocytes, 
neutrophils, monocytes, macrophages. T-cells. B-cclls, endothelial cells and smooth 
muscle cells Examples of chemokmes include, hut are not limue.l to with IL H 
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GROa, GRO(J, GRO7, NAP-2, ENA-78. IP-10, MlP-la, MIP-p, PF4, and MCP 1. 2. 
and 3. 

In order to uSe a conapound of Formula (I) or a pharmaceutically acceptable sail 
thereof in therapy, it will normally be formulated into a pharmaceutical composition m 

5 accordarice with standard pharmaceutical practice. This invention, therefore, also 

relates to a pharmaceutical composition comprising an effective, non-toxic amount of a 
compound of Formula (I) and a pharmaceutically acceptable carrier or diluent. 

Compounds of Formula (I), pharmaceutically acceptable salts thereof and 
pharmaceutical compositions incorporating such may conveniently be administeied by 

10 any of the routes conventionally used for drug administration^ for instance, orally, 
topically, parenterally or by inhalation. The compounds of Formula (I) may be 
administered in conventional dosage forms prepared by combining a compound of 
Fomnuia (I) with standard pharmaceutical carriers according to conventional 
procedures. The compounds of Formula (I) may also be administered in conventional 

i j uv.*>a^(^:i 111 i^uiutjintiiiuii wiui a miuwh, Atcuiiu uicfajycuiiCauy aCliVC COmprOunu. i uCSC 

procedures may involve mixing, granulating and compressing or dissolving the 
ingredients as appropriate to the desired preparation. It will be appreciated that the 
form and character of the pharmaceutically acceptable character or diluent is dictated by 
the amount of active ingredient with which it is to be combined, the route of 

20 administration and other well-known variables. The carrierls) must be "acceptable" in 
the sense of being compatible with the other ingredients of the formulation and not 
deleterious to the recipient thereof. 

The pharmaceutical carrier employed may be, for example, either a solid or 
liquid. Exemplary of sohd carriers arc lactose, terra alba, sucrose, talc, gelatin, agar. 

25 pectin, acacia, magnesium sicarale, stearic acid and the like. Exemplary of liquid 
earners arc syrup, peanut oil, ohvc oil, water and the like. Similarly, the canicr or 
diluent may include time delay material well known to the art, such as glyceryl mono- 
stcarate or glyceryl distearate alone or with a wax 

A wide variety of pharmaceutical forms can be employed. Thus, if a solid 

30 carrier is used, the preparation can be lableied, placed in a hard gelatin capsule in 

powder or pellet form or in the form of a troche or lozenge The amount of solid earner 
will var>' widely but preferably will be from about 25mg. to iibout Ig. When a liquid 
carrier is used, the preparation will be m (he form of a syrup, emulsion, soft gelatin 
capsule, sterile in)cclablc liquid such as an ampule ornonaqueous liquid suspensu*n 
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Compounds of Formula (I) may be administered topically, that is by non- 
syslenriic administration. This includes the application of a compound of Formula (I) 
externally to the epidermis or the buccal cavity and the instillation of such a compound 
into the ear, eye and nose, such that the compound does not significantly enter the blood 
5 stream. In contrast, systemic administration refers to oral, iniravcnous, intraperitoneal 
and intramuscular administration. 

Formulations suitable for topical administration include liquid or semi-liquid 
preparations suitable for pcneu-ation through the skin to the site of inflammation such as 
liniments, lotions, creams, ointments or pastes, and drops suitable for administration to 

10 the eye, ear or nose. The active ingredient may comprise, for topical administration, 
from 0.001% to 10% w/w, for instance from 1% to 2% by weight of the Formulation. 
It may however comprise as much as 10% w/w but preferably will comprise less than 
5% w/w, more preferably from 0.1% to 1% w/w of the Formulation. 

Lotions according to the present invention include those suitable for application 

15 to the skjn or eye. An eye lotion may comprise a stenlc aqueous soiutjon opiiouajly 
containing a bactericide and may be prepared by methods similar to those for the 
preparation of drops. Lotions or liniments for application to the skin may also include 
an agent to hasten drying and to cool the skin, such as an alcohol or acetone, and/or a 
moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

2{) Creams, ointnnents or pastes according to the present invention are semi-solid 

formulations of the active ingredient for external application. They may he made by 
mixing the active ingredient in finely-divided or powdered form, alone or in solution or 
suspension in an aqueous or non-aqueous fluid, with the aid of suitable machinery, with 
a greasy or non-greasy base. The base may compnse hydrocarbons such as hard, soft or 

25 liquid paraffin, glycerol, beeswax, a metalhc soap; a mucilage; an oil of natural origin 
such as almond, corn, arachis, castor or olive oil; wool fat or its derivatives or a fatty 
acid such as sieric or oleic acid together with an alcohol such as propylene glycol or a 
macrogel. The formulation may incorporate any suitable surface active agent such as ai^ 
anionic, cationic or non-iomc surfactant such as a sorbitan ester or a polyoxyethylene 

30 derivative thereof. Suspending agents such as natural gums, cellulose derivatives or 
inorganic materials such as sihcaccous silicas, and other ingredients such as lanolin, 
may also be included. 

Drops according to the present invention may comprise sterile aqueous or oily 
solutions or suspensions and mav be prepared by dissolving the active mgredieni in a 

.^5 suitable aqueous solution of a bactericidal and/or fungicidal agent and/or any other 
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suitable prescrvauvc. and preferably including a surface active agent. The resulting 
solution may then be clarified by fillration. transferred to a suitable container which is 
then sealed and sterilized by autoclaving or maintaining at 98- 100°C. for half an hour. 
Alternatively, the solution may be sterilized by filtration and transfeired to the container 
s by an aseptic technique. Examples of bactericidal and fungicidal agents suitable for 
inclusion in the drops are phenyl mercuric nitrate or acetate (0,002%). benzalkonium 
chloride (0.01 %) and chlorhexidine acetate (0.01%). Suitable solvents for the 
preparation of an oily solution include glycerol, diluted alcohol and propylene glycol. 

Compounds of formula (1) may be administered parenierally. that is by 
intravenous, intramuscular, subcutaneous intranasal, intrarectal, intravaginal or 
intraperitoneal administration. The subcutaneous and intramuscular forms of parenleral 
administration are generally preferred. Appropriate dosage forms for such 
adimnistrafion may be prepared by conventional techniques. Compounds of Formula 
(1) may also be administered by inhalation, that is by intranasal and oral inhalation 
admini-stration. Appropiiatc dosage forms for such administration, such as an aerosol 
formulation or a metered dose inhaler, may be prepared by conventional techniques 

For all methods of use disclo.sed herein for the compounds of Formula (1). the 
daily oral dosage regimen will preferably be from about 0.01 to about 80 mg/kg of total 
body weight. The daily parenteral dosage regimen about 0.001 to about 80 mg/kg of 
total body weight. The daily topical dosage regimen will preferably be from 0. 1 mg to 
1 50 mg. administered one to four, preferably two or three times daily. The daily 
inhalation dosage regimen will preferably be from about 0.01 mg/kg to about 1 mg/kg 
per day. It will also be recognized by one of skill in the art that the optimal quantity 
and spacing of individual dosages of a compound of Formula (1) or a pharmaceutically 
acceptable salt thereof will be determined by the nature and extent of ihc condition 
being treated, the form, route and sue of administration, and the particular patient bemg 
treated, and that such optimums can be determined by conventional techniques. It will 
also be appreciated by one of skill in the art that the optimal course of treatment, l e , 
the number of doses of a compound of Formula (I) or a pharmaceutically acceptable salt 
thereof given per day for a defined number of days, can be ascertained by those skilled 
in the an using conventional course of treatnicni deterrninaiiun tests 

The invention will now be described by reference lo the foliowint; biological 
examples which are merely illustrative and arc not to be oonstrued a.s a limitation ol the 
3S scope of the present invention. 
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BIOLOGICAL FXAMP| ,p«; 

The IL-8 cytokinc-inhibiting effects of compounds of ihc present invention were 
detcmuned by the f6llowing in viiro assay: 
Receptor Binding Assays: 

( '25]] iL-8 (human rccombinani) was obtained from Amersham Corp., 
Arlington Heights. IL. with specific activity 2000 Ci/mmol. Gro-a was obtained from 
NEN- New England Nuclear. All other chemicals were of analytical grade. High levels 
of recombinant human IL-8 type a and 0 receptors were individually expressed in 
Chinese hamster ovary cells as described previously (Holmes, et al. Science. 1991. 21?, 
1 278). The Chinese hamster ovaiy membranes were homogenized according lo a 
previously described protocol (Haour. et al., J Biol Chem., 249 pp 2195-2205 (1974)) 
Except that the homogenization buffer was changed to lOmM Tns-HCL. ImM MgS04, 
0.5mM EDTA (ethylenc-diaminetetra-acetic acd). 1 mMPMSF (a-toluenesulphony I 
fluonde). 0.5 mgA. Leupeptin. pH 7.5. Membrane protein concentration was 

rlpfprminprl iicinn D;»«-/^^ /^^ ; i . 

" " ' ""^"^-i^^ay Ml using Dovine serum albumin as a standard 

All assays were performed in a 96-well micro plate formal. Each reaction mixture 
contained 125, ,L-8 (0.25 nM) or >25l Gro-a and 0.5 pg/mL of lL-8Ra or l.OMg/mLof 
IL-8Rb membranes in 20 mM Bis-Trispropane and 0.4 raM Tris HCl buffers pH 8 0 
containing 1 .2 mM MgS04. 0. 1 mM EDTA. 25 mM NaCl and 0.03% CHAPS. In ' 
addition, dmg or compound of mtetx^st was added which had been pre-dissolved m 
DMSO .so as to reach a final concentration of between 0.01 nM and 100 uM The assay 
was initiated by addition of 125,.,l.8, After 1 hour at room temperature the plate was 
harvested using a Tomtec 96-well harvester onto a glass fiber filtermat blocked with 1 % 
poJycthylenimine/0.5% BSA and washed 3 times with 25 mM NaCI, 10 mM TrisHCI I 
mM MgS04, 0.5 mM EDTA, 0.03 % CHAPS. pH 7.4. The filter was then dried and' 
counted on the Betaplate liquid scintillation counter. The recombmant lL-8 Ra or Type 
1, receptor is also referred to herein as the non-permissive receptor and the recombinant 
IL-8 Rb. or Type II. receptor ,s referred to as the permissive receptor 

Compounds of Formula (I) as exemplified by Examples 1 to 16 all showed a 
positive inhibition m this assay from a range of 4nM to about 50 pMolar. 

□iSUD otaxis A.ssay 

The m van, inhibitory propc^rties of tl.c.v compounds were determined in the 
neutrophil chemotax.s assav as described in ( urrent Protr^ols in Imnnmoiogv I 
Suppl 1, llni, 6.12.3 . whose disclosure is incorrK.rated herein by reference in ,K 
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entirely. Neutrophils where isolated from human blood as described in Current 
Protocols in Immunology Vol I, SuppI 1 Unit 7.23.1, whose disclosure is mcorporated 
herein by reference in its entirety. The chemoattractanls IL-8, GRO-a, GRO-p, 
GRO-y and NAP-2 where placed in the bottom chamber of a 48 multiwell chamber 
5 (Neuro Probe, Cabin John, MD) at a concentration between 0.1 and 100 nM. The two 
chambers where separated by a Sum polycarbonate filler. When compounds of this 
invenlion were tested, they where mixed with the cells (0.001 - 1000 nM) just prior to 
the addition of the cells to the upper chamber. Incubation was allowed to proceed for 
between about 45 and 90 min at about 31^C in a humidified incubator with 5% COo 

10 At the end of the incubation period, the polycarbonate membrane was removed and the 
top side washed, the membrane was then stained using the Diff Quick staining protocol 
(Baxter Products, McGaw Park, IL, USA). Cell which had chemotaxed to the 
chemokine were visually counted using a microscope. Generally, four fields where 
counted for each sample, these number where averaged to give the average number of 

15 cells which had migrated. Each sample was tested in triplicate and each compound 
repeated at least four times. To certain cells (positive control cells) no compound was 
added, these cells represent the maximum chemotactic response of the cells. In the 
case where a negative control (unstimulated) was desired, no chemokine was added to 
the bottom chamber. The difference between the positive control and the negative 

20 control represents the chemotactic activity of the cells. 

Elastasc Release Assay; 

The compounds of this invenlion where tested for their ability to prevent 
Elastase release from human neutrophils. Neutrophils where isolated from human blood 

2S as described in Current Protocols in Immunology Vol I, Suppl 1 Unit 7.23. 1 PMNs 
0.88 X 10^ cells suspended in Ringer's Solution (NaCI 118, KCl 4.56, NaHC03 25. 
KH2P04 1 .03, Glucose 11.1, HEPES 5 mM, pH 7.4) where placed in each well of a 96 
well plate in a volume of 50 ul. To this plate was added the lest compound if) ()01 
10(X) nM) in a volume of 50 ul, Cylochalasin B in a volume of 50 ul (20ug/ml) and 

30 Ringers buffer in a volume of 50 ul. These cells where allowed to warm (37 <^C. 5% 
C02, 95% RH) for 5 min before GROa, GROb, GROg or NAP-2 at a final 
concentration of 0.01 - KXK) nM was added. The reaction was allowed to prcKced for 
45 min before the 96 well plate was cenlrifuged (800 xg 5 nun) and lOT) ul of the 
supernatant rcnunet]. This sup[>ernatant was added to a second 96 uell platt* followed 

35 by an artificial elastase substrate (MeOSuc- Ala-Ala-Pro-Val- AMC, Nova Bux-hcni, L.i 
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Jolla. CA) to a final concentration of 6 ug/ml dissolved in phosphate buffered saline. 
Immediately, the plate was placed in a fluorescent 96 well plate reader (Cytofluor 2350, 
Milliporc. Bedford. MA) and data collected at 3 min intervals according to the method 
of Nakajima et al J. B.ol Chem 2^ 4027 (1979). The amount of Elastase released from 
5 the PMNs was calculated by measuring the rate of McOSuc-Ala-Ala-Pro-Val-AMC 
degradation. 
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All publications, including but not limited to patents and patent applications, 
cited in this specification are herein incorporated by reference as if each individual 
publication were specifically and individually indicated to be incorporated by reference 
herein as though fully .set forth. 



The above description fully di.scloses the invention including preferred 
embodiments thereof. Modifications and improvements of the embodiments 

! 5 specifically disclosed herein are within the scope of the following claims Without 
further elaboraUon, it is believed that one skilled in the are can. usmg the preceding 
description, utilize the present invention to its fullest extent. Therefore the Examples 
herein are to be construed as merely illustrative and not a limitation of the scope of the 
present invention in any way. The embodiments of the invention in which an exclusive 

20 property or privilege is claimed are defined as follows. 
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What is claimed is: 
1 . A compound of the formula 




(1) 

wherein 

R is or X-(CH2)n- ^6; 
X is oxygen or -C(0)-NH-; 

R6 is an optionally substituted C3-7 cycioalkyl. optionally substituted C3-7 
cycloaJkenyl, or an optionaJly substituted aryl; 



Rl is hydrogen, halogen, halosubstituted Cj-g alkyl, Ci-H alkyl, hydroxy. Cl-galkoxy, 
halosubstitutedCi-8 alkoxy, -(CH2)taryl, 0-(CH2)i aryl, 0-CH2-0-Ci.8alkyl, 
0-(CH2)vC(0)OCi^alkyl, NO2, S(0)mR2> N(R3)2, NHC(0)R4, -C(0)R5 ; or 
together two R] moieties may form a methylene dioxy ring system or together two 
15 R] moieties may form a 6 membered saturated or unsaturated ring system which 

may be optionally substituted; 

s is an integer having a value of 1, 2, or 3; 

V is an integer having a value of 1,2, 3, or 4, 

m IS 0 or an integer having a value of 1 or 2; 
20 t is 0 or an integer having a value of 1, 2, 3 or 4, 

R2 is an optionally substituted Ci-H alkyl, 

R3 is indef)cndently hydrogen, or C 1-4 alkyl, or together with the nitrogen to which 
they are attached form a 5 to 7 memt>ered saturated or unsaturated rin^; 

R4 is independently hydrogen, or C 1-4 aikyl; 
25 R5 is hydrogen, optionally substituted Cj.g aikyl, or Ci-8 alkoxy; 
provided that 

when Rl is hydrogen, s is i, X is O, and n = 1 ihen Rt is other than an unsubstituicd 
phenyl; and 

when .\ R} is a 4-5 methylene dioxy rmg. 2 chloro, n= ! , and X - O , then Kt^ 
30 other than a 2,6-difluoro substituted phenyl; 
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when s = 3, R 1 is a 4-5 methylene dioxy ring, 2- chloro, n= I , and X = O , then R6 
is other than a 2,- or 4- C(0)2H substituted phenyl; 

when s = 3, R 1 is a 4-5 methylene dioxy ring, 1- chloro, n= 1 , and X = O , then R5 is 
other than a 3-phenyloxy substituted phenyl; 
or pharmaceutically acceptable salts thereof. 

2. A compound according to Claim 1 wherein X is oxygen. 

3. A compound according to Claim 2 wherein R6 is an optionally substituted aryi ring 

4. A compound according to Claim 3 wherein the aryl nng is substituted one or more 
tunes independently by halogen, hydroxy, hydroxy substituted Ci-iQalkyl, Cmq aikyi, 
haiosubsiituied Cj-io alkyl, Cmq alkoxy, optionally substituted Ci- 10 alkoxy, 
aryloxy, C(0)2H, S-CMOalkyl, N(R3)2, N(R3)-C(0)CMoalkyi, C(0)CMoalkyI. 
cyano, nitro, a uicthyicne dioxy ring; an optionally substituted aryl, or an optionally 
substituted aiylalkyl, 

5. The compound according to Claim 1 wherein Ri is hydrogen, halogen, 
halosubstituted Ci.g alkyl, Cj^s alkyl. hydroxy. Ci-galkoxy. halosubstitutedCj.g 
alkoxy. -{CH2)taryl, 0-(CH2)i ar>l, NO2, or together two R] moieties may form a 
methylene dioxy nng system. 

6. The compound according to Claim 5 wherein R] is hydrogen, 2-methoxy, 5-nitro, 

4-methyI, 3,5-di-methoxy, 4-bcn2yloxy, 4-methoxy. 2-chIoro-4,5-mcihylencdioxY or 4- 
OCF3. 

7. A compound according to Claim I wherein the compound, or its pharmaceutically 
acceptable salt is; 

l-(2-chloro-4,5-methyienedioxybcn7.yl)5-(4-methoxybenzyloxy)indo!e-2- 
carboxylic acid; 

I-(2-chloro-4,5-mcthylcncdioxyben7y])-5H'4^(nnuoromcthy}benzy)oxy)indole-2- 
carboxylic acid; 

.Vbenzyloxy. 1 (2-chloro--1,5-.„c,hylaic<lu,xvk.n/yl ),ndole-2 c.rtx.xylK- uckI, 

l-f2-chl(>ro-4.S-mcthylencd,oxvbcnzylVVrVtr.nu,,r<,,ncthylbcn/yl(uy).ndolc : 
carboxylic acid, 
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1 (2-chloro~4,5-mcthylenedioxybenzyl)-5-((R)-l-phenylelhoxy]indolc-2-carboxylic 
acid: 

I-(2-ch]oro-4,5-niethylenedjoxybenzyl)-5~(2-trifluoromeihy!benzy!oxy)indoie-2- 
carboxylic acid; 

5 l-(2-chloro-4,5-methyienedioxybenzyl)-5-(2-methoxybenzyIoxy)indolc-2- 
carboxylic acid; 

l-(2-chioro-4,5-melhy]enedioxybenzyI)--V(2.6-dichlorobenzyloxy)indole-2- 
carboxylic acid; 

1 -(2-chloro-4,5-melhy]cncdioxybenzyl)-5-[(S)-l-phenyIcthoxylindoie-2-carboxylic 
10 acid; 

l-(2-chloro-4,5-mcthylenedioxybcnzyl)-f>-(4-carboxybenzyloxy)indole-2-carboxylic 
acid; 

l-(2-chloro-^^.5-melhylenedioxybenzyI)-5-(3-methoxybenzyJoxy)indole-2- 
carboxylic acid; 

15 I -(2-chIoro-4,5-nielhyienedioxybenzy!)-5-cyclohcxy!mcthoxyindole-2-carboxyIic 
acid; 

l-(2-chloro-4,5-mcthylenedioxyberL2yl)-5-(3-carboxybcnzyloxy)indo!c-2-carboxylic 
acid; 

l-(2-chloro^,5-methylenedioxybenzyl)-5-[4-(lH)-tetrazolylbcnzyloxy)indole-2- 
20 carboxylic acid; 

1 t2-chloro-4,5-melhylenedioxybcnzyJ)-5-(N-phenylcarboxamido)indole'2- 
carboxylic acid; 

I '(2-chlorO'4.5-methylencdioxybenzyi)-5-(2-phcnoxybenzyloxy)indole-2- carboxylic 
acid. 

25 

8. A pharmaceutical compxjsition which comprises an effective amount of a 
compound according to any of Claims 1 to 7 and a pharmaceutically acceptable carrier 
or diluent 

30 9. A method of treating a chcmokjnc mediated disease state, wherein the 
chemokine binds to an lL-8 a or p receptor in a mammal, which comprises 
adnninistenng to said mammal an effective amount of a compound of according to 
Claim 1 . 

10 The method according to Claim ^ wherein the chemokmc is IL-8, 

- M) 
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1 1 The method according to Claim 9 wherein the mammal is afflicted with an 11-8 
mediated disease selected from psoriasis, atopic dermatitis, anhritis, asthma, chronic 
obstiuctivc pulmonary disease, adult respiratory distress syndrome, inllammalory bowel 

5 disease, Crohn's disease, ulcerative colitis, stroke, septic shock, endotoxic shock, gram 
negative sepsis, toxic shock syndrome, cardia and renal reperfusion injur)', 
glomerulonephritis, thrombosis, graft vs. host reaction, allograft rejections, and malaria. 

12 A method of treating inflammation in a mammal in need thereof, which 
0 compri.ses administering to said mamma) an effective amount of a compound of 

Formula (I) according to Claim 1 . 

13. A method of treating asthma in a mammal in need thereof, which comprises 
administering to said mammal an effective amount of a compound of Formula (1) 
5 according lo Claim i . 



31 - 



INTERNATIONAL SEARCH REPORT 



t niliorul «pplicAl)on No. 

PCT/US97/04938 



A. CL.\SSlFItATION OF SUKJE( T MA H KK 

:PC(6) A6 IK 3 1/405; C07D 209/04 
US CL PIcjsc Sec Extf:i SIilvi ' 
According 10 l.ucm.t,on.n| Pjtcn. CU.s,n.:.iuM, (IPC) or u. Un.N nguu.u) dxs^.ra-at.an and l f>C 
KJELOS SEAKCIltl> " " 



Minimum documcnUl.on scorched (ch.MfKaliun syMcm foIluw.-J hy cb.s.JK.Uon .ymlx,K) 
U S. Please Sec Extra Sheet. 



DocumcnUfon searched orhcr than .r.m.n.,r, Jo.u,nc,U.t..,n u> ,hc cx.c.u that such docu^ncn.. arc mclud.d .n ihe f.dds scrchcJ 



Electronic d.U base cun.sult.d dur.n, ihc .ntcr.uuuuni sc.rch ,n.,n. nt daU lusc .nd. uhcrc pr.ct.c.Mc. sc.r.H tcr^, used) 
APS, REGISTRY. CAPLUS, BlOStS, SCiSEARCH 

search terms: .r^dole deovat.ves, 1L8. tL8 receptor. antogor.,st. treatment 



^- r)OCUMKNTS ( ONSIDK KKf) TO MK R|;i,|:VAN T 



Ciic|;ory' 



Y 



^Jocumcm, w.th indR-Ji,un. wh.rc .p,»a>prutc, oMIic relevant passapcs 



Relevant lo claim No. 



Y 



WO 9618393 A {ELLIOTT et aL) 20 June 1996, see entire 
document. 

US 5,399,699 A (KOLASA et al.) 21 March 1995, see entire 
docunnent, especially scheme 3. 

US 5,482.960 A (BERRYMAN et al.) 09 January 1996, see 
entire document, especially coL 8 and 9. 

US 4,148,895 A (LATTRELL et aL) IQ April 1979. 



□ Funhcr doc..n.n,s .r. l.ued ... ,he cnn..nuat»^^of Do. c Q Sec patent fam.Jy ar,r..x 



M3 



1-8 



M3 



1-1 1 



document Jtrmo^lhc ,rA.r»l rmc of 0,^0, l wU.U, . ^ 



document rT/(n«v| lo t>r»| it^urr 



Ofltr of the aclnal cornpMu.n ,.l tlic >ntcrna(m,ul ^oreh 
01 JUNE I0f)7 



Jotf *aJ IVOt tf« CW>nKt ^i-rtil live H'plKT.lKKl but Crt*l U, 
n'LnC'4>it or OiroiT, i*f«l<;ity»A< Uwf mvrnUo* 

.-»*nb^ wrth one or m*r« otfver mkIi «*0(wi»»«t. ««h V.o.tiot 

OL*.u<ivmi inrmtxf of ihe Mine p«W:n( fwii^ty 



-'fiinf jrid inaiiir;;- a<nlrr\% ,.| ilir 1S'\ MS 



Djtc orm.iilu.p of Ihc inicmalionat search report 

0 9 JUL 1997 



uiliori 



INTERNATIONAL SEARCH REPORT 



ti .nationil ippbcation No. 

PCT/US97/04938 



A. CLASSIFICATION OF SUBJECT MATTER 
US CI. 



.*i48/4f>0, 514/415, 826. 863 



B FIELDS SEARCHED 
Minimum docLimcnLatton scaixlu'd 
Cbssificaiion System U.S. 

54g/490; 514/415. 826. 863 



